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Abstract
By means of applying self-designed experimental system for flame acceleration, the paper investigated solid 
structure, blockage ratios, spatial layout and ignition distance of obstacles influence on flame speed and overpressure. 
In the experiments, five kinds of obstacles (plates, cuboids, triple prisms, quadruple prisms and cylinders) were 
adopted with three kinds of blockage ratios (20%, 40% and 60%). For the same blockage ratios, results demonstrated 
that plates and triple prisms increased flame speed and overpressure much larger. cuboids were intermediate while
effect of quadruple prisms and cylinders were comparatively limited. When obstacles were put in the place to form 
bifurcation channel, which would lead to flame speed and overpressure rose rapidly. Flame speed and overpressure at
first increased and then minished with the augument of ignition distance. When obstacles were put at 
L/S≈6.5(length/side), flame speed and overpressure were much influenced. flame speed was affected larger than 
overpressure in all above condition. The results were expected to have some help on preventing and controlling gas 
explosive and to provide reference for industry safety design.
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1.Introduction
Flame propagation in tube is a complicated process related to gas flow, heat exchange and diffusion. It
is influenced by a lot of factors such as the type of gas and the material of tube. As early as 1926, 
Chapman and Wheeler [1] have already studied flame propagation with obstacles in tube. And since then, 
flame acceleration by obstacles was widely investigated. By setting up all kinds of experimental tubes[1-
5], researchers have investigated planar obstacles such as plates or orifice whose interval distances,
blockage ratios and quantities influenced flame propagation [4-10]. Some useful conclusions were 
obtained and they could be of help to prevent the disaster of flammable gas explosive. Unfortunately, 
obstacles in the direction of flame propagation usually have solid structure. Therefore, it needs to 
investigate solid structure obstacles effect on flame propagation, which will be more useful in preventing 
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gas explosive and providing reference for industry safety design. There were just a few reports on 
experimental investigation of solid structures effect on flame propagation. A.R.Masri [11] once studied 
the effects of obstruction geometry, blockage ratios and venting pressure on overpressure in vertical tube. 
The blockage ratios varied from 10% to more than 75% and was not the same to different obstruction 
geometry, which will bring difficulty in assessing solid structure obstacles effect on flame propagation
quantificationally. In present experiments, the same blockage ratios of obstacles and horizontal tube were 
used. Moreover, influence of spatial layout and ignition distance on flame propagation was also studied.
2.Experiment systems
Setup of experiment systems are shown in fig.1. Experiment systems are comprised of flame 
acceleration tube, gas mixture system, ignition system and measurement system. Pressure distribution 
method is adopted for methane-air mixture. Accurate concentration was determined by optical-intervene
methane device, with precision±0.2％ and range from 0.00 to 10.90%. Flame acceleration tube is
1440mm long square tube which is made of transparent organic glass. Cross section is 100 mm ×100mm 
with thickness of 12mm. Ignition end is closed and the other end is open. Electric spark with output 
energy between 250mJ and 500mJ is used for ignition. Distance between the two ignition electrodes is
1.5mm. Six pressure transducers are mounted at the top of tube for pressure collection. 
Fig.1. Setup of experiment system
The distance between pressure transducers and electric spark is in turn 51mm, 319mm ,589mm,
862mm, 1130mm and 1405mm. The same planar position of pressure transducers are mounted by 
photoelectric transducers to collect optical signal. In order to diminish the effect of electric spark, first 
photoelectric transducer is mounted at the distance of 11mm from electric spark as trigger signal. Record 
memory device with 1MHZ sampling frequency is used to record signal dynamically.
Plates, cuboids, triple prisms, quadruple prisms and cylinders are adopted in the experiment with three 
kinds of blockage ratios(20% ,40% and 60%). Blockage ratios are defined as ratios between the largest 
cross-section area of obstacles in the direction of flame propagation and area of tube cross-section. Sizes 
of obstacles are listed in table1. 
Table 1.Sizes of obstacles
Structure Length（mm） Breadth×Height（mm）
plate 100 Height 20,40 and 60
cuboids 100 20× 20,40× 40 and 60×60
triple prism 100 23× 20,46× 40 and 69×60
quadruple prism 100 48× 20,96× 40 and 144×60
cylinder 100 Radius 20,40 and 60
Different solid structure obstacles are put in the tube as fig.2.
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Fig.2. The view of obstacles in tube
Obstacle are put at the place of 241mm distance from ignition end which is defined as horizontal 
distance from electric spark to symmetric center of obstacle.
Different spatial layout of obstacles are put in the tube as fig.3.
Fig.3. The view of obstacles with different spatial layout in tube
In order to find out different spatial layout of obstacles influence on flame propagation, three kinds of 
obstacles(cuboids, triple prism and cylinder) with 60% blockage ratios are chosed .For understanding of 
ignition distance effect on flame speed and overpressure, blockage ratios 40 percent of cuboids, quadruple
prisms and cylinders were selected. The ignition distance was 241mm，521mm，801mm and 1101mm
respective.
3.Results and discussion
3.1. Influence of solid structure and blockage ratios on flame speed and overpressure
To blockage ratios 20%, flame speed ranged from 18.94 m/s to 29.13m/s. When blockage ratios 
reached 40% and 60%, flame speed varied from 20.54m/s to 47.07m/s and 23.31m/s to 68.75m/s.
Whether blockage ratios were high（60%), middle (40%) or low (20%), plates and triple prisms had 
remarkable effect on flame speed. Cuboids were intermediate while quadruple prisms and cylinders have 
comparatively limited effect. With the blockage ratios rised, the difference between flame speed was 
magnified. Flame speed in tube could have two times difference with large blockage ratios. Therefore, 
effect of solid structure on flame speed should be considered with blockage ratios.
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Fig.4. Influence of solid structure and blockage ratios on flame speed and overpressure
In the experiment, flame speed rised with the augment of blockage ratios. It is well known that 
obstcles can bring turbulence to accelerate flame speed, but flame speed can not rise sostenuto. After 
blockage ratios reach some value, flame speed will decrease and flame may be finally extinguished. 60% 
blockage ratios had not reached optimal blockage ratios which need further investigate. 
In flame propagation direction, curvature variations of cylinders and quadruple prisms are 
comparatively little. Cuboids were intermediate while triple prisms and plates comparatively large. Effect 
of solid structure on flame speed and overpressure corresponded to curvature variations. On the basis of 
this, it was speculated that if curvature of obstacles varied much more, it would bring much larger effect 
on flame propagation. Surface of obstacles is more irregularity, which would cause worse turbulent of gas 
flow, leading to flame speed being accelerated remarkably. The speculation could further be investigated 
from high-speed photography of interaction between solid structure obstacles and flame in fig.5.
（a）                                                                 (b)                                                              (c)
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(d)                                                                               (e)
Fig.5. High-speed photography of interaction between solid structure obstacles and flame speed 1000f/s.
(a)plate; (b)triple prism; (c)cylinder; (d)cubiods; (e)quadruple prism
In fig.5, it showed the flame propagated along the surface of obstacles. When flame have come across 
obstacles, plate and triple prism formed vortex and flame front of cubiods was also obviously distorted. 
The flame front of quadruple prism was quite smooth and combustion intensity of cylinder was the 
weakest in all obstacles.
3.2. Spatial layout influence on flame speed and overpressure
To different obstacles with methane concentration 10.50%, flame speed of cuboids was affected the 
least from 44.67m/s to 51.16m/s and cylinder was affected the most from 20.62m/s to 320.83m/s. 
Overpressure of cuboids changed from 1.50× 510 Pa to 1.82× 510 Pa. Overpressure of triple prism ranged 
from 1.59× 510 Pa to 2.06× 510 Pa and overpressure of cylinder changed from 1.33× 510 Pa to 1.77× 510 Pa. 
When three kinds of obstacles were placed with thawart spatial layout, flame speed were the least. On
other situations, flame speed aggrandized due to induced turbulence. When obstacles were placed upgrade,
obstacles would divided tube into two parts, corresponding to form bifurcated channel. The position of 
bifurcation was a stirred resource, which induced turbulence and at last increased flame speed and 
overpressure quickly.Results were tabulated in table2.
Table 2. Flame speed and overpressure with different spatial layout
Spatial layout Flame speed(m/s) Overpressure( 510 Pa)
Thwart(cuboids) 44.67 1.50
Upgrade(cuboids) 51.16 1.82
Thwart(triple prism) 37.88 1.59
Spire right(triple prism) 38.29 1.84
Spire ahead(triple prism) 110.00 1.81
Spire behind(triple prism) 183.33 2.06
Thwart(cylinder) 20.612 1.33
Upgrade(cylinder) 320.83 1.77
3.3.Ignition distance influence on flame speed and overpressure
Fig.6 shows the results of influence of ignition distance on flame speed and overpressure.Under the 
condition of cuboids, quadruple prism and cylinder with 40% blockage ratios, flame speed and 
overpressure in the tube at first increased and then diminished with the augument of ignition distance.
when obstacles were placed in the middle of tube, flame speed was the larger.
Flame in the tube would self-accelerated because of restriction of tube wall and expand of combustion 
production. When solid structure obstales were placed near ignition end, flame speed were low before 
flame front met obstacles, which resulted in turbulent degree affected by obstacles unconspicuously. After 
flame came across obstacles, the flame speed would not strenghened greatly. When solid structure 
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obstacles were placed far away from ignition end, the menthane concentration would be decreased near 
the end of tube because of discharge function of open end.
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Fig.6. Influence of ignition distance on flame speed and overpressure
The results was fitted by Guass function quite well. when obstacles are placed at L/S≈6.5(length/side),
flame speed and overpressure were much influenced.
3.4.The relationship between flame speed and ovpressure
From fig.4, to the same blockage ratios of different solid structure, overpressure with triple prisms and 
plates in the tube were much bigger and overpressure with quadruple prisms and cylinders were lesser. 
The trend is similar between flame speed and ovpressure. Flame speed of Spatial layout and ignition 
distance of the same obstacles also had the similar trend. 
With the augument of blockage ratios, overpressure in the tube was first increased and then declined. 
Detered gas behind obstacles photographed by Fairweather[3][4] which was energy loss to the whole 
flame propagation might explain the change of overpressure with blockage ratios.
The difference between ovpressure with solid structure and blockage ratios were not much. Triple 
prisms changed from 1.81× 510 Pa to 1.90× 510 Pa and cylinder changed much from 1.46× 510 Pa to 
1.87× 510 Pa. Spatial layout and Ignition distance also effected on flame speed much more than 
overpressure. The little change of overpressure might be duing to the open end which was favor the flow 
of gas in the tube. At the same time, it would add flame speed because flame speed was gas flow speed 
plus combustion speed. Spatial layout and ignition distance had much more larger influence on flame 
speed than blockage ratios and solid structure. 
5.Conclusions     
Solid structures have effect on flame propagation. To flame speed and overpressure, Whether blockage 
ratios are large (60%), middle (40%) or small (20%), plates and triple prisms have much larger effect on 
flame propagation, increasing flame speed and overpressure a lot. cuboids are intermediate while 
quadruple prism and cylinder have comparatively limited effect. When obstacles were placed in tube to 
form bifurcation channel, it induced turbulence and at last increased flame speed and overpressure
obviously. Obstacles were placed at L/S≈6.5(length/side) and flame speed and overpressure were also 
much influenced.
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In the experiments, flame speed rised with the augment of blockage ratios while overpressure were 
first increased and then declined. flame speed was affected larger than overpressure in all above condition.
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